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Annotation
Solar active regions contain electric currents. Information on the distribution of currents is important for
understanding the processes of energy release on the surface of the Sun and in the overlying layers. The pa-
per presents an analysis of the probability density function (PDF) of the absolute value of the photospheric
vertical electric current density (|jz|) in 48 active regions before and after flares in 2010–2017. Calculation
of |jz| is performed by applying the differential form of Ampere’s circuital law to photospheric vector
magnetograms obtained from observations of the Helioseismic and Magnetic Imager (HMI) instrument
onboard the Solar Dynamics Observatory (SDO). It has been established that for the studied active regions
PDF(|jz|) is described by the Gauss function in the low-|jz| region (|jz| < 10110± 1321 statampere/cm2)
and the decaying power-law function in the region of higher |jz| values. Also, for some active regions
PDF(|jz|) can be described by the special kappa-function. The distributions of the parameters of the ap-
proximating functions are obtained using the least squares method. The average absolute value of the
power-law function index is 3.69 ± 0.51, and 3.99 ± 0.51 of the kappa-function. No systematic changes
in parameters during the flares are detected. An explicit connection between the parameters and the flare
X-ray class, as well as with the Hale magnetic class of the active regions, is not found. Arguments are
presented in favor of the suggestion that the Gaussian distribution in the low-value region of PDF(|jz|)
represents noise in the data, while the power-law “tail” reflects the nature of electric currents in the solar
active regions.
1 Introduction
Solar magnetic fields determine solar activity, coronal heating, and acceleration of the solar wind. Mag-
netic fields can be measured routinely on the photosphere. Based on the measurements and theories, it
was established that active regions are penetrated by fields concentrated in magnetic flux tubes [1], [2].
On the basis of Ampère’s circuital law, it was found that electric currents can flow along these tubes [3],
[4]. As vector magnetograms are only available for a thin layer, one usually can obtain only the vertical
component of electric current on the photosphere (jz). However, several attempts to estimate the horizontal
component have also been made [3], [5], [6].
It is essential to study electric currents in active regions because of some reasons described in [4], [7], [8].
Firstly, free magnetic energy required for the solar activity such as coronal jets, flares and coronal mass
ejections (CMEs), is contained in electric currents. Dissipation of electric currents, both longitudinal to
the magnetic field and as current sheets, leads to the transformation of free energy into kinetic energy of
plasma and populations of accelerated particles, energy of electromagnetic radiation in a wide range of the
spectrum, and into the energy of various waves. Secondly, Joule dissipation can affect energy balance in
different solar atmosphere layers. Thirdly, presence of currents can affect the nature of propagation and
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dissipation of Alfvén waves in active regions, which may be important for the problem of coronal heating
and solar wind acceleration.
In general, it is known that there is a connection between jz and flare productivity of active regions [3], [9–
11]. Detailed studies are needed to find out exactly how jz is associated with flares. Traditional approach
in studying electric currents in active regions is to construct density maps of jz on the photoshere based
on vector magnetograms and to analyze relationship between spatial structure of jz and electromagnetic
radiation sources of solar activity processes. In particular, a number of studies have been carried out on
the relationship of radiation sources (microwave, H-alpha, ultraviolet, x-ray) of flares with photospheric
jz, and no unambiguous spatial relationship was found [12–21].It is found that the flare sources tend to
appear on the edges of regions of strong jz and to avoid their local maxima. Since the connection between
photospheric jz and flare sources is ambiguous, it is worth trying to find some patterns with the use of
statistical analysis.
However, despite a fairly large number of articles on the study of jz, we are not aware of the works on
systematical study of probability density function (PDF) of the density jz on the photosphere and rela-
tionship of its features with energy release processes in active regions. For example, it was done for the
density of electric currents in the corona based on the modeling and extrapolation of magnetic field from
the photosphere for single active regions [22], [23]. PDF of density of electric currents was found to be
able to be represented by a power function or a double power function (with a break). It is worth men-
tioning, however, that the results of extrapolation of magnetic fields are controversial. They depend on
the method and quality of boundary data. In the paper [22] an example of PDF(|jz|) for one active region
(AR12158; SOL2014-09-10) was also given, which was visually different from PDF for coronal currents,
but quantitative analysis of PDF(|jz|) was not done, and its form was not studied.
The aim of this work is to study the form of PDF(jz) for a set of active regions producing flares. In addition,
we will check whether there are systematical differences in PDF(jz) before and after flares, and whether
there is a correlation between parameters of PDF(jz) and both X-ray flare class and Hale magnetic class of
active regions [24].
2 Data and methods
First of all, we need to mention that the idea of this work arose during the statistical study of relationship
between hard X-ray flare sources and photospheric vertical electric currents jz [21] when we estimated the
error of jz by calculating PDF(jz) based on the data obtained from the Helioseismic and Magnetic Imager
(HMI) [25] on board the Solar Dynamics Observatory (SDO). It explains our choice of active regions for
this study. 48 active regions, where the flares happened near the center of the solar disk (helioprojective
coordinates of the flare X-ray sources are −600′′ < (xf ,yf ) < 600′′, i.e the heliographic longitude and
latitude ranges from −40◦ to 40◦) and where it was possible to determine coordinates of the hard X-ray
sources in the energy range of 50–100 keV based on the data from the Reuven Ramaty High-Energy Solar
Spectroscopic Imager (RHESSI) [26], were selected for the time period from 2010 May to 2017 October.
This time period was chosen because of the simultaneous observation of the Sun by SDO and RHESSI.
Information about the studied active regions and flares will be published in the upcoming paper.
In this study we use vector photospheric magnetograms obtained from HMI/SDO provided for public
(http://jsoc.stanford.edu/) as the Spaceweather HMI Active Region Patch (SHARP) product [27], [28].
Standard data files of the “hmi.sharp_cea_720s.fits” type with the 12 minutes time step are used. With
the use of the special algorithm, for each time interval a finite region (patch) was cut from the HMI field-
of-view. Each patch corresponds to an active region and its vicinity and is determined by its HARPNUM
number. In these files magnetic field vector ~B (Br, Bφ, Bθ) in the spherical coordinate system is projected
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onto Lambert cylindrical grid (x = φ, y = (180◦/pi) sin θ) with the equal cell square of 1.33 · 105 km2
on the photosphere (Lambert Cylindrical Equal-Area projection, CEA) [29], [30]. 180◦-uncertainty of
the transverse to the line-of-sight component of magnetic field (B⊥) is eliminated in that data. Using the
“WCS” software package as part of “SolarSoft”, CEA coordinates were transformed into the Stonyhurst
heliographic coordinate system and then into the spherical coordinate system centered on the center of the
Sun.
Density of photospheric vertical electric currents are calculated in the spherical coordinate system with the
use of Ampère’s circuital law in differential form:
jz = jr =
c
4piµ
(∇× ~B)r ≈ c
4pi
1
Rs sin θ
(
∆Bϕ
∆θ
sin θ +Bϕ cos θ − ∆Bθ
∆ϕ
)
, (1)
where c is the speed of light in vacuum, Rs is radius of the Sun, and the magnetic permeability µ = 1.
For each active region we constructed two maps of jz: right before the onset of the flare soft X-ray rise
and after the end of the flare impulsive phase, when hard X-ray emission (> 25 keV) drops to the pre-flare
level. This gives us the opportunity to examine possible changes in PDF(jz) because of flare, eliminating
variations of jz that may occur as the result of disturbances of the photosphere made by beams of acceler-
ated particles, hydrodynamic flows, shock waves, and flows of electromagnetic radiation in the impulsive
phase of a flare [31]. Examples of obtained maps of photospheric jz for two active regions, NOAA 12172
SOL2014-09-23 and 11263 SOL2011-08-03, before the flares are shown in Figure 1(a) and 1(b) respec-
tively. For visualization jz maps were transferred to a homogeneous grid constructed in the helioprojection
coordinate system.
Then histograms of jz were made with the bin size of 2500 statampere/cm2 on the basis of obtained data
arrays. This fixed bin size was chosen because, firstly, we wanted to make sure all the events are analyzed
the same way, secondly, with this particular bin size for each event there are no less than 15 bins, and at the
same time number of bins for low jz-values was not so large, and the number of empty bins for high jz-
values was small enough. Empty bins were excluded from dataset for further analysis. After all, absolute
values of the obtained values of the bin centers (x-data) are taken, and also the natural logarithm of these
absolute values and the number of jz in each bin (counts, y-data) is taken. The Kolmogorov–Smirnov test
for positive and negative values of bins centers was done with the use of the kstest2 function in Matlab.
The test does not reject the null hypothesis (that tested vectors of data are from the same continuous dis-
tribution) at the 1% significance level. Therefore, we can examine absolute value |jz| instead of analysis
of positive and negative jz values separately. This approach doubles our dataset that is important for the
adequate fit of high |jz| values. In the end, for each event we have 30–40 bins, which is much larger than
the number of free parameters of the models we use (see below). Before the fitting procedure, histogram
counts are normalized to the maximum value, so that histograms should be considered as the approxima-
tion of probability density function (PDF) of |jz|. To obtain PDF, counts should be normalized to the total
number of datapoints in |jz| array, but we use this approach so that y-data varies from 0 to 1. This decision
does not affect the results of this study.
Examples of histograms (distributions) are shown in Figure 1(c) and 1(d) in log-log scale for two active
regions and two points in time: before and after the flare. For all the other 46 events considered histograms
are similar. For low |jz|-values distribution has Gaussian-like shape, for high |jz|-values distribution looks
like sloping "tail". Based on that form, we made approximations with three model functions:
• Model 1: Gaussian and power function. Datapoints were divided into two groups: the first one
with n > 5 first datapoints with the smallest |jz|-value (x-data) (|jz| is sorted in ascending order).
The second one with the rest (N − n) > 5 datapoints and datapoint with the highest |jz|-value from
the first group, so that these two groups have one common datapoint. We will refer to this data-
point as transition point or tp. The first group was fitted with Gaussian function in log-log scale, the
3
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(a) (b)
(c) 29.09.2014 (d) 03.08.2011
Figure 1: Examples of |jz| maps for the active regions NOAA 12172 (a) and 11263 (b) and fitted
distributions of |jz| in log-log scale in (c) and (d) respectively. Distributions of |jz| before and after
the flare are shown be circles and crosses respectively. Three different model fits are shown on
different panels: top panel demonstrates Model 1 fit, middle panel – Model 2 fit, and bottom panel
– Model 3 fit. Blue lines correspond to the fit of distribution before the flare, red lines correspond
to the fit of distribution after the flare. Vertical dashed lines represent transition point for each
dataset. Inner edge of the calculation area for "noise" distributions of |jz| is shown by the white
dotted lines in (a) and (b). Corresponding "noise" distributions are shown in Figure 7.
second one – with power function in log-log scale. n (which unambiguously determines transition
point) was chosen to minimize residuals (|ydata − ymodel|).
Model 1 in log-log scale:
f1(x) =
{
a− ([ex − b] /c)2 , x ≤ xtp,
fx+ d, x ≥ xtp. (2)
4
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Model 1 in normal scale:
fˆ1(x) =
{
Ae−([x−b]/c)
2
, x ≤ extp ,
Dxf , x ≥ extp ; (3)
where xtp is a transition point, A = ea and D = ed.
• Model 2: Gaussian and sum of Gaussian and power function. The same groups of datapoints
as in Model 1 (with the same transition point) were fitted. The first group was fitted with Gaussian
function (with the same output parameters as in Model 1) in log-log scale, the second group was
fitted with sum of Gaussian (with fixed parameters obtained from the group one, so Gaussian is con-
tinuous) and power function in log-log scale.
Model 2 in log-log scale:
f2(x) =
{
a− ([ex − b] /c)2 , x ≤ xtp,
ln
(
exp
[
a− ([ex − b] /c)2]+ defx) , x ≥ xtp. (4)
Model 2 in normal scale:
fˆ2(x) =
{
Ae−([x−b]/c)
2
, x ≤ extp ,
Ae−([x−b]/c)
2
+Dxf , x ≥ extp;
(5)
where xtp is a transition point, A = ea and D = ed.
• Model 3: kappa function. Whole dataset was fitted with kappa function with fixed parameter
k = 0.5.
Model 3 in log-log scale:
f3(x) = a+
1
k
ln
(√
1 + k2b2e2cx − kbecx
)
. (6)
Model 3 in normal scale:
fˆ3(x) = A(
√
1 + k2x˜2 + kx˜)1/k, (7)
where x˜ = −bxc and A = ea.
All the fits were performed with the use of nlinfit function in Matlab. This function uses the Levenberg-
Marquardt nonlinear least squares algorithm. The adjusted coefficient of determination was calculated for
each fit to determine goodness of fit:
R2adj = 1−
SSres/(n− k)
SStot/(n− 1) , (8)
where SSres is the residual sum of squares, SStot is the total sum of squares, n is the sample size and k is
the number of parameters in a model. The closer R2adj is to 1, the better fit is. For Models 1 and 2 mean
(between the two groups of datapoints) R2adj was calculated.
After we had obtained all model parameters, we checked whether there is correlation between them and
X-ray flare class (determined by the Geostationary Operational Environmental Satellite – GOES) of corre-
sponding flares, and between them and Hale magnetic class of the parent active regions (the Mount Wilson
classification). This information was taken from the SolarMonitor website (https://solarmonitor.org/).
5
Density distribution of photospheric vertical electric currents in flare active regions of the Sun Zimovets et al.
(a) (b) (c)
(d) (e)
Figure 2: Histograms of Model 1 and Model 3 parameters obtained by least square fit of 96 |jz|
distributions (48 before the flares and 48 after the flares). (a): expectation of Gaussian µ = b,
Model 1; (b): standard deviation of Gaussian σ = c/
√
2, Model 1; (c): transition point x-value
|jz|tp, Model 1; (d): absolute value of power function exponent |f |, Model 1; (e): exponent of kappa
function c/k, Model 3. Result of Gaussian fit of histogram data is shown by the solid black curve.
Standard deviation σ and expectation µ for each parameter based on Gaussian fit of histograms are
shown in the legend of each panel.
3 Results
From total 96 distributions of |jz| (48 before the flares and 48 after the flares) only 34 (35%) of them
have R2adj < 0.95 according to Model 1, 74 (77%) of them according to Model 2, and 10 (10%) of them
according to Model 3. Moreover, visual examination of the fit results showed that Model 1 adequately
approximates data in all the cases, while Model 2 approximates data much worse. Model 3 gives adequate
approximation in most cases, especially for high |jz|-values. In Figure 1 two examples are shown. One can
see that for the active region 12172 (Figure 1(c)) all three Models agree with data, but for the active region
11263 (Figure 1(d)) only Model 1 agrees with data. In this case Model 2 does not match with the "tail" of
distribution and Model 3 does not match with Gaussian-like part of distribution for low |jz|-values. Based
on that, we will only consider Models 1 and 3 in further discussion. It is worth mentioning that parameter
k = 0.5 was fixed in Model 3. As the experiment, we made similar fit for several active regions, but with
non-fixed k. As the result, R2adj did not change much and neither did the exponent of the function c/k. By
this reason, we consider only the fit results of Model 3 with fixed k = 0.5.
The histograms were made for Model 1 parameters: expectation of Gaussian µ = b; standard deviation
of Gaussian σ = c/
√
2; transition point between Gaussian and power function |jz|tp; absolute value of
power function exponent |f |. For Model 3 we present only the histogram of the absolute value of kappa
function exponent c/k. We consider these Model parameters to be potentially the most important ones and
do not take normalization constants into account. Each histogram was later fitted with Gaussian function
6
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to obtain expectation µ and standard deviation σ of each parameter considered. Histograms with Gaussian
fits are shown in Figure 2. The obtained µ and σ are shown in each panels legend and in Table 1.
Model Parameter Value
1 Expectation of Gaussian µ = −3037± 1733 statampere/cm2
1 Standard deviation of Gaussian σ = 3821± 431 statampere/cm2
1 Transition point |jz|tp = 10110± 1321 statampere/cm2
1 Absolute value of power function exponent |f | = 3.69± 0.51
3 Absolute value of kappa function exponent c/k = 3.99± 0.51
Table 1: Model 1 and 3 parameters obtained from Gaussian fit of histograms shown in Figure 2.
Firstly, the expectation of |jz| distribution turned out to be negative, which is simply the fitting result not
related to the physics. We tried to do fitting with fixed µ = 0 and goodness of fit almost did not change.
Secondly, one can see that Model parameters can be described by Gaussian distribution and their values
are not widely dispersed from the expectation. Thirdly, the exponents of power and kappa functions have
close values. This is the argument that the "tail" of |jz| distribution can be described by both Models and
is a power-law "tail".
For the examination of possible relationship between these parameters several mutual scaling plots were
done. They are shown in Figure 3. The corresponding Pearson correlation coefficients were calculated and
presented with 95% confidence bounds in Table 2.
σ µ |jz|tp |f | c/k
σ -0.74 [-0.82 ;-0.63] +0.61 [0.46; 0.72] -0.36 [-0.53; -0.18] -
µ -0.74 [-0.82 ;-0.63] -0.35 [-0.51; -0.16] - -
|jz|tp +0.61 [0.46; 0.72] -0.35 [-0.51; -0.16] -0.08 [-0.28; 0.12] -
|f | -0.36 [-0.53; -0.18] - -0.08 [-0.28; 0.12] 0.92 [0.88; 0.95]
c/k - - - 0.92 [0.88; 0.95]
Table 2: Mutual correlation coefficients for five parameters: Gaussian standard deviation σ (Model
1), Gaussian expectation µ (Model 1), transition point between Gaussian and power function |jz|tp
(Model 1), absolute value of power function exponent |f | (Model 1), kappa function exponent c/k
(Model 3). Numbers in square brackets correspond to 95% confidence bounds.
A high correlation coefficient between the kappa function exponent of Model 3 and the power function ex-
ponent of Model 1 can be noticed. As it was stated before, this indicates that the "tail" of |jz| distribution
is power-law, but the kappa function exponent is a bit higher than the power function exponent in general.
Also one can note correlation between the standard deviation of Gaussian and the transition point. This
connection suggests that the wider Gaussian distribution is, the higher |jz|-value for which the power-law
"tail" stands out (see Discussion section).
For all the 48 active region the above parameters of Models 1 and 3 were compared for times before and
after the flares (Figure 4) and corresponding Pearson correlation coefficients were calculated. Figure 4(a):
Gaussian expectation µ, 0.45 [0.19; 0.65]; Figure 4(b): Gaussian standard deviation σ, 0.55 [0.32; 0.72];
Figure 4(c): transition point |jz|tp, 0.56 [0.33; 0.73]; Figure 4(d): absolute value of power function expo-
nent |f |, 0.91 [0.84; 0.95]; Figure 4(e): kappa function exponent c/k, 0.97 [0.94; 0.98]. The numbers in
square brackets correspond to 95% confidence bounds. The strongest correlations are found for the power
function exponent (Model 1) and for kappa function exponent (Model 3). During the flare values of this
parameters do not change much, in general. In Figure 4(b) we can pick the group of dots with high values
before the flares under the y = x line. This is due to the fact that the expectation of the Gaussian before
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these flares has a higher negative value than after the flares. This fact is more likely because of the fit
quality, rather than of physical reasons. Also one can notice higher errors for that type of events.
Additionally, we checked whether there is a correlation between Model parameters and both X-ray flare
class and Hale magnetic class of the active regions. In Figure 5 parameters are plotted against the common
logarithm of the flare peak flux in 1-8 Å GOES channel. In Figure 6 parameters are plotted against the
Hale magnetic class of the active regions. One can see no obvious dependencies. The one thing we only
point out is that most of the active regions considered in this study (29 or 60%) have βγδ class. This seems
quite natural, since the selected flares were, in general, quite powerful and were accompanied by hard
X-ray emission (> 50 keV), and it is known that βγδ class regions tend to produce more flares, including
powerful ones [32].
4 Discussion
The most important result of this study is establishing the form of distribution (PDF) of absolute value of
photospheric vertical electric current density |jz|, calculated based on vector magnetograms SHARP_CEA
obtained from HMI/SDO for 48 active regions with flare activity. The best-describing Model (from all
(a) (b) (c)
(d) (e) (f)
Figure 3: Mutual scalings of parameters for 96 distributions of |jz|. Datapoints corresponding to
the times before (after) the flares are shown by blue circles (red crosses). Errors of the parameters
are shown by solid grey segments. (a) Gaussian expectation µ is plotted against Gaussian standard
deviation σ; (b) |jz|-value of transition point xtp is plotted against Gaussian standard deviation σ;
(c) absolute value of the power function exponent |f | is plotted against Gaussian standard deviation
σ; (d) absolute value of the power function exponent |f | is plotted against |jz|-value of transition
point xtp; (e) Gaussian expectation µ is plotted against |jz|-value of transition point |jz|tp; (f)
absolute value of the power function exponent |f | is plotted against the kappa function exponent
value c/k. x = y is shown by the black dashed line.
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three considered) is Gaussian for low |jz|-values and decreasing power function for higher |jz|-values.
The transition point between the Gaussian and the power-law "tail" has an average value of |jz|tp =
10110 ± 1321 statampere/cm2. One can notice that the form of PDF(|jz|) is similar to the shape of an
X-ray energy spectrum in solar flares in the range of ≈ 1 − 100 keV [26]. However, we think that this is
just a coincidence. We suggest that the Gaussian form of PDF(|jz|) for low |jz|-values is determined by the
noise of the vector magnetograms used, while the power-law "tail" can be due to the physics of magnetic
fields and electric currents in solar active regions.
To justify the assumption about the instrumental (noise) nature of the Gaussian form of distribution at low
|jz|-values, we compared the distribution of |jz| for the whole area of an active region defined in SHARP,
with a distribution calculated only for the edges of an active region. There is no strong fields and |jz| at
the edges of active regions, consequently we can consider them as the background ("noise") regions of
the HMI/SDO magnetograms. Strips with a width of 50 pixels around the perimeter of an active region
were examined. In Figure 1(a) and 1(b) one can see these edges shown by the dotted white lines for two
active regions: 12172 and 11263. Distributions of |jz| for all the area and for only the edges are shown
in Figure 7. It can be seen that the distribution of |jz| for the "noise" region has form of Gaussian, while
distribution for the entire active region has the form of Gaussian for low values and a power-law “tail” for
higher values. Moreover, the Gaussian for the "noise" region is very close to the Gaussian for the whole
region.
As the additional proof to the noise nature of Gaussian, we can estimate the error of the component of the
(a) (b) (c)
(d) (e)
Figure 4: Parameters of Models of |jz| distributions for 48 active regions before (x-axis) and after
(y-axis) the flares. Errors of the parameters are shown by the thin solid grey segments. The x = y
line is shown by the thick dashed blue line. (a) Gaussian expectation µ = b, Model 1; (b) Gaussian
standard deviation σ = c/
√
2, Model 1; (c) transition point |jz|tp, Model 1; (d) absolute value of
the power function exponent |f |, Model 1; (e) kappa function exponent c/k, Model 3.
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(a) (b) (c)
(d) (e)
Figure 5: Parameters of Models 1 and 3 of pre-flare |jz| distributions plotted against the decimal
logarithm of the flare peak flux in 1-8 Å GOES channel. Errors of the parameters are shown by the
thin solid grey segments. (a) Gaussian expectation µ = b, Model 1; (b) Gaussian standard deviation
σ = c/
√
2, Model 1; (c) transition point |jz|tp, Model 1; (d) absolute value of the power function
exponent |f |, in Model 1; (e) kappa function exponent c/k, Model 3.
magnetic field transverse to the line-of-sight σ(B⊥) from the obtained standard deviation of Gaussian fit
of |jz| distribution, σ(|jz|) = 3821±431 statampere/cm2. We obtain σ(B⊥) ≈ [4pi∆lσ(|jz|)] /[c
√
2] ≈ 41
G, where ∆l ≈ 3.6 · 107 cm is the linear size of HMI/SDO pixel on the photosphere and c is the speed of
light in vacuum. This resulting value of σ(B⊥) lies between the boundary values of 20 G (before 2014)
and 50 G (after 2014), determined for the transverse component of magnetic field for the HMI/SDO vec-
tor magnetograms (DOFFSET parameter, [28]). This is a strong argument in favor of the assumption made.
The fact that the transition point between the Gaussian and the power-law "tail" of |jz|-distribution is ob-
served at |jz|tp = 10110 ± 1321, which is similar to the tripled Gaussian standard deviation 3σstdev =
11463± 1293 statamper/cm2, is an argument in favor that the power-law "tail" of |jz|-distribution is not a
data noise. This indicates that when studying vertical currents on the photosphere using HMI/SDO data,
the "three sigma" rule should be used and only values greater than 3σstdev should be considered, but lower
|jz|-values should be treated with caution.
The presence of the power-law "tail" in the |jz|-distributions in active regions of the Sun is an interesting
fact. It can indicate specific turbulent nature of the electric currents formation/dissipation processes. In
essence, this is not surprising, since it is known that the distributions of various characteristics of the pho-
tospheric magnetic fields, in particular, magnetic flux [33], from which jz is obtained by derivation, have a
power-law form. The magnetic power spectrum also has a power-law form [34], [35]. The power-law form
is also inherent in the spatial characteristics of the current helicity in active regions [36]. We found that for
the 48 active regions considered, the absolute value of the power function exponent of |jz|-distribution is
concentrated in the vicinity of 3.69 with a small standard deviation of 0.51. For the kappa function, similar
10
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(a) (b) (c)
(d) (e)
Figure 6: Parameters of Models 1 and 3 of pre-flare |jz| distributions plotted against Hale magnetic
class of 48 active regions considered. Errors of the parameters are shown by the thin solid grey
segments. (a) Gaussian expectation µ = b, Model 1; (b) Gaussian standard deviation σ = c/
√
2,
Model 1; (c) transition point |jz|tp, Model 1; (d) absolute value of the power function exponent |f |,
Model 1; (e) kappa function exponent c/k, Model 3.
values (3.99±0.51) are obtained. The question of what physical processes determine these values requires
further study.
In conclusion, we note that we did not find an explicit correlation between the parameters of the consid-
ered models of PDF(|jz|) in active regions studied and X-ray (GOES) class of the flares happened there.
This can be interpreted by the fact that the model parameters were determined by the distribution of an
entire active region with linear scales of several hundred arc seconds, while a flare is a local process that
usually occupies a small part of a parent active region (several arc seconds or tens of arc seconds). In
the future, it seems interesting to statistically study the relationship between the characteristics of flares
and the parameters of local |jz|-distributions in flare regions, in particular, in the vicinity of photospheric
magnetic polarity inversion lines, where flares usually occur. The absence of a connection between the
|jz|-distribution parameters and the Hale magnetic class of the active regions can be explained by insuffi-
cient statistics or the excessively descriptive (non-quantitative) nature of the Hale classification of active
regions, without diminishing its merits.
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